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INTRODUCTION I
6
This catalog is the first SAO Special Report listing the positions of
artificial satellites photographed simultaneously by Baker-Nunn cameras at two
or more stations_ and measured by the SAO Photoreduction Division. The films
were taken at the SAO Astrophysical Observing Stations and cooperating Air
Force 2 Baker-Nunn Camera Stations. The catalog includes all simultaneous
observations precisely reduced that have been checked and found to be without
significant errors.
The criterion of simultaneity is a minimum of 4 seconds (in time)
overlap in the observed arc of each photographing station. In terms of
position_ each simultaneous arc will have at least one overlapping precisely
reduced position.
These observations can be independently checked by determining their
residuals from the best obtainable orbits. In practice_ however this is not
so simple since the best orbits can be obtained only by the use of the same
observations that are being checked. Thus we compute orbits regularly from
only the precisely reduced observations, and reevaluate those that deviate con-
siderably from the orbits. Then, the positions are used again to test whether
or not their new residuals meet standards for publication.
Only orbits with a standard deviation _ of one observation not exceeding
±20" are used as reference; on the average_ the standard deviation is only be-
tween ±5" and ±i0". All observations with residuals larger than±lO" are ex-
amined to find whether the error is due to the observation or to the poor
accuracy of the orbit.
iThis work was supported by grant NsG 87-60 from the National Aeronautics and
Space Administration.
2The simultaneous observations by the Air Force stations were made under a
cooperative agreement between SAO and the 9th Aerospace Squadron (ADC). We
wish to thank this organization for its help.
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The present catalog includes 21 observations of Satellite 1960 Iota 2
(Echo i Rocket Body), 889 observations of Satellite 1961 Delta I (Explorer
9), 6669 observations of Satellite 1961 Alpha Delta i (Midas 4), 68 obser-
vations of Satellite 1962 Alpha Epsilon I (Telstar i), 138 observations of
Satellite 1962 Beta Mu I (ANNAIB), 215 observations of Satellite 1963 30A,
3689 observations of Satellite 1963 30D (Balloon), 42 observations of
Satellite 1963 53A (Explorer 19), and 24 observations of Satellite 1964 38A
(Elektron 3).
The observations (both in position and in time) were reduced essen-
tially by the method explained by the late K. Lassovszky in SAOSpecial
Report 41 (Lassovszky et al., 1960). All the measurementshave been made
with two-screw Manncomparators.
Although the Baker-Nunn cameras can achieve an accuracy better than
2" in the positions (Lassovszky, 1961)3 the average results maynot be
so accurate. Until every position can be given with its proper uncertainty
as obtained from the reduction, a standard deviation of ± 4" is assigned.
Four seconds of arc is probably an upper limit on the standard deviation
of a position. •
The time accuracy of the observations depends primarily on the sta-
bility of the station clock and on the reception of the time signals.
Uncertainties have been estimated according to these criteria; they vary
from _ 0.5 msecto _ l0 msec, with an average value of ± 2 msec.
In order to expedite processing of the observations, we have found it
necessary to employ a "smoothed preliminary" A.1 time system in the reduc-
tions. The "A.l" times reported for all observations in this catalog have
been derived by employing the following reductions from the WWVemitted
time system to our "smoothed preliminary" A.1 system:
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For the Period
1961 July 01.0 - 1961 July 13.0
1961 july 13 .o - m96z Aug. Ol.O
1961 Aug.
1%1 Sep.
1961 Oct.
1961 Nov.
1962 Jan.
1962Apr.
01.0 - 1961 Sep. 21.0
21.0 - 1961 Oct. 01.0
01.0 - 1961 Nov. 01.0
o1.o - 1962 Jan. 01.0
01.0 - 1962 Apr. 01.0
01.0 - 1962 July 01.0
1962 July 01.0 - 1963 Jan. 01.0
1963 Jan.
1963 Nov.
1964 Jan.
1964 Apr.
m964 july
m964 sep.
1964 Oct.
01.0 - 1963 Nov. 01.0
01.0 - 1964 Jan. 01.0
01.0 - 1964 Apr. 01.0
01.0 - 1964 July 01.0
01.0 - 1_4 Sep. 01.0
01.0 - 1964 Oct. 01.0
01.0 - 1965 Jan. 01.0
A. I-WWV Emitted
1.693 434 + 0.001 292 000 (t - 37,480.0)
1.694 215 + 0.001 245 000 (t - 37,480.0)
1.643 160 + 0.001 280 000 (t - 37,480.0)
1.641 500 + 0.001 300 000 (t - 37,480.0)
1.642 184 + 0.001 290 764 (t - 37,480.0)
1.643 272 + 0.001 289 444 (t - 37,480.0)
1.865 000 + 0.001 123 20O (t - 37,650.0)
1.864 620 + 0.001 Z26 8O0 (t - 37,650.0)
1.864 7O4 + 0.001 126 37O (t - 37,650.0)
2.292 725 + 0.001 i18 458 (t - 38,030.0)
2.392 725 + O.OOZ 118 458 (t - 38,030.0)
2.800 962 + O.OO1 293 56O (t - 38,395.0)
2.900 766 + 0.001 295 716 (t - 38,395.0)
2.901 518 + O.OO1 292 659 (t - 38,395.0)
3.001 518 + O.OO1 292 659 (t - 38,395.0)
3.001 589 + 0.001 296 048 (t - 38,395.0)
where t is in Modified Julian Days, i.e., Julian Days minus 2,400,000.5 days.
The format of the catalog is as follows:
The first column gives the year, month and day of the observation.
The second column gives the time of the observation in hours, minutes
and seconds in the "smoothed preliminary" A.1 system.
The third column gives the root mean-square (standard error) of the
time expressed in milliseconds.
th
The fourth gives the topocentric right ascension expressed in hours 3
minutes and seconds of time; and the fifth, the topocentric declination in
degrees, minutes and seconds of arc. These positions refer to the mean
equator and equinox of 1950.0. Since the reference stars were not reduced
to a common catalog system, it is not easy to define the R.A. and Decl.
system. The errors that result from not using a common reference system
are certainly less than one second of arc; Special Report 41 (Lassovszky
et al._ 1960) gives a list of the star catalog used_ arranged according to
the declination zone of each. The positions have not been corrected for
parallactic refraction; correction will hardly ever exceed 2 seconds of arc.
The six column gives the standard error (RMS) of the position ex-
pressed in seconds of arc_ always four in this catalog.
The seventh column gives the station number.
The following table gives the station location and number_ and in
addition to the stations_ the X, Y_ Z coordinates referenced to the Kaula
ellipsoid; f = 1/298.3 and a = 6.378165 Mm. The description of the station
coordinates and the datum to which they were connected by standard geodetic
surveying techniques are given by Veis (1964).
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Table i
Station X(Mm) Y(Mm) Z(l@im)
#
9ooi -1.5357o2 -5.167o26 3.4OliO8
9oo2 5.o56123 2.716523 -2.775799
9oo3 -3.9836o2 3.743226 -3.275656
9oo4 5.1o5623 -o.555194 3.76967o
9005 -3.946522 3.366453 3.698855
9oo6 1.o18135 5.471207 3.1o9519
9oo7 1.942762 -5.8o4o82 -1.796838
9008 3.376872 4.404022 3.136250
9009 2.251841 -5.816928 1.327236
9010 0.976319 -5.601410 2.880311
9011 2.280645 -4.914512 -3.355441
9012 -5.466118 -2.404068 2.242437
9114 -1.264795 -3.466933 5.185574
9115 3.121370 0.592748 5.512832
9023 -3.977806 3-725297 -3.303181
Stations
Organ Pass, New Mexico
Olifantsfontein, S. Africa
Woomera_ Australia
San Fernando, Spain
Tokyo, Japan
Naini Tal_ India
Are quipa_ Peru
Shiraz, Iran
Curacao , NetherlandAntilles
Jupiter, Florida
Villa Dolores, Argentina
Maul, Hawaii
Cold Lake, Alberta_ Canada
Harestua, Norway
Island Lagoon, Australia
The eighth column gives the film and frame number.
The ninth column gives in abbreviation the name of the measurer.
The tenth column gives the observation number assigned by SAO.
These observations are available on either punch cards or on the
user's magnetic tape. All inquiries should be addressed to:
Data Division
Smithsonian Astrophysical Observatory
60 Garden Street
Cambridge, Massachusetts 02138
This catalog is the result of the work of many members of the staff
of the Satellite Tracking Program of the Smithsonian Astrophysical Observa-
tory_ who contributed in different capacities. The final checking and pre-
paration for publication were done by Mr. Richard Wells_ Data Division s and
Mrs. Janice MacDonald and members of the Data Section, Photoreduction
Division. -5-
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Satellite 1961 Alpha Delta 1 31 May - 3 June, 1962
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Satellite 1961 Alpha Delta 1 2 9 October - 3 November 1_3
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This series of Special Reports was instituted under the supervision
of Dr. F. L. Whipple, Director of the Astrophysical Observatory of the
Smithsonian Institution, shortly after the launching of the first artifi-
cial earth satellite on October 4, 1957. Contributions usually come
from the Staff of the Observatory.
First issued to ensure the immediate dissemination of data for satellite
tracking_ the Reports have continued to provide a rapid distribution of
catalogs of satellite observations, orbital inform_tion_ and preliminary
results of data analysis prior to formal publication in the appropriate
journals. The Reports are also used extensively for the rapid publication
of preliminary or special results in other fields of astrophysics.
The Reports are regularly distributed to all institutions participating
in the U. S. space research program and to individual scientists who request
them from the Publications Division_ Distribution Section_ Smithsonian
Astrophysical 0bservatory_ Cambridge, Massachusetts 02138.
